
Research Article

For reprint orders, please contact: reprints@futuremedicine.com

Simple parameters to solve a complex issue:
predicting response to checkpoint inhibitor
therapy in lung cancer

James Newman*,1 , Isabel Preeshagul2, Nina Kohn3, Craig Devoe1 & Nagashree

Seetharamu1

1Northwell Health Cancer Institute, Medical Oncology, New Hyde Park, NY 11042, USA
2Memorial Sloan Kettering Cancer Center, Medical Oncology, New York, NY 10065, USA
3Feinstein Institute for Medical Research, Biostatistics Unit, Manhasset, NY 11030, USA
*Author for correspondence: Jnewman9@northwell.edu

Background: Noninvasive biomarkers predicting immune checkpoint inhibitor (ICI) response are urgently
needed. We evaluated the predictive value of pretreatment neutrophil-to-lymphocyte ratio (NLR), smok-
ing history, smoking intensity, BMI and programmed death ligand 1 (PD-L1) expression in non-small-cell
lung cancer (NSCLC) patients treated with ICIs. Materials & methods: Single-center retrospective study in-
cluded 137 patients from July 2015 to February 2018. Outcomes included 3-month disease control rate,
progression-free survival, and overall survival. Predictive value of biomarkers was assessed independently
and in a multivariable model. Results: NLR was associated with all outcomes. Smoking history was pre-
dictive of progression-free survival and smoking intensity was predictive of disease control rate. BMI and
PD-L1 were not associated with any outcome. High BMI was associated with low NLR. Conclusion: Simple
clinical biomarkers can predict response to ICIs. A score incorporating both clinical factors and established
tissue/serum biomarkers may be useful in identifying NSCLC patients who would benefit from ICIs.
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Immune checkpoint inhibitors (ICIs) have transformed the standard of care of non-small-cell lung cancer (NSCLC)
over recent years. Based on large prospective clinical trials, pembrolizumab, a programmed death-1 (PD-1) inhibitor,
received US FDA approval as first-line therapy as both a single agent in patients with PD-L1-expressing tumors
and in combination with chemotherapy for all NSCLC patients regardless of programmed death ligand 1 (PD-L1)
status [1–4]. Other ICIs, such as nivolumab and atezolizumab, have been approved for second-line and subsequent
lines of stage IV NSCLC treatment [3]. However, despite impressive improvements in median outcomes with ICIs
over chemotherapy in clinical trials, a majority of NSCLC patients do not respond to immunotherapy.

PD-L1 expression on tumor cells, a proof of principle biomarker, has been validated as a predictor for the potential
benefit of pembrolizumab monotherapy in the first-line setting. Multiple studies have shown that outcomes
are often directly proportional to the intensity of PD-L1 staining [2,4]. Nonetheless, many patients with high
PD-L1 expression (≥50%) demonstrate poor responses to PD-L1 inhibitors [1]. Conversely, tumors with no
PD-L1 expression can sometimes respond to ICI therapy alone or with additional agents [5,6]. The addition
of chemotherapy to pembrolizumab improved survival relative to chemotherapy alone, as did the addition of
ipilimumab to nivolumab [2,6]. Given the lack of the predictive accuracy of PD-L1 expression, additional or
alternative biomarkers are greatly needed. Besides its suboptimal clinical utility, another limitation of PD-L1 as a
biomarker is the lack of uniformity among available testing methods. Each approved PD-1/PD-L1 inhibitor has
been studied with a companion PD-L1 immunohistochemical assay that utilizes different antibodies. As such, the
definitions and cut-offs for PD-L1 positivity are not uniform among studies and they seem to be highly dependent
on the reviewing pathologist. Moreover, there are known inter- and intra-tumor heterogeneity and variations of
PD-L1 expression that occur over time [7,8]. Finally, PD-L1 testing has been validated only on surgical tissue
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specimens which are frequently hard to obtain. In clinical practice, cytologic aspirates are used for testing and serial
monitoring of tumoral PD-L1 expression is impractical.

Multiple serum and tissue-based biomarkers have been studied for their value in predicting response to ICIs.
Many of these markers focus on the tumor immune environment which has been found to play an intricate role in
lung cancer progression. Some recent studies have suggested that tumor-associated inflammation may be reflected in
the peripheral blood. For example, peripheral blood tumor mutational burden (TMB) has been shown to correlate
with tissue TMB in clinical trials, and flow cytometry for peripheral T-cell subsets have been shown to predict
ICI responses in preclinical models [9,10]. However, with conflicting results in prospective trials, both tissue-based
and plasma TMB remain exploratory at this time [11–14]. Like PD-L1, these tests are also limited by differences in
sequencing methodology, number of genes studied, turnaround time and cost [15].

Peripheral blood neutrophil-lymphocyte ratio (NLR) is a biomarker that has shown promise in forecasting
ICI response. Although the mechanism is not completely understood, peritumoral neutrophils have been shown
to promote tumor angiogenesis, cell invasion and metastasis as well as inhibit apoptosis. On the other hand,
peritumoral lymphocytes are involved in enhancing tumor defense and inhibiting tumor growth. It has been
postulated that peripheral NLR could provide insight into the intratumoral inflammatory microenvironment [16].
Indeed, elevated NLR has been associated with a worse prognosis and there are now many observations reported
in literature suggesting that NLR may predict response to ICIs in both NSCLC and other cancer types [17–20].

Patient characteristics, such as age, performance status, smoking history (SH) and nutritional status have also been
associated with disease control rate (DCR) of ICIs. History of smoking has been shown to increase the likelihood of
response to ICIs in NSCLC [21]. The proposed mechanism for this observation is related to increased mutagenesis
from carcinogens in tobacco smoke, leading to a greater TMB in smokers compared with nonsmokers [22]. Patients
with a higher BMI are also more likely to have better outcomes with immunotherapy compared with patients with
a lower BMI, the mechanism of which is poorly understood. A possible explanation is that obesity is a state of
heightened inflammatory response that interferes with optimal immune function, inhibits antitumor immunity and
results in immune exhaustion. ICI therapy might reverse this process and enhance antitumor immunity [23].

Given the predictive potential of these various factors, we assessed the value of pretreatment NLR, SH, smoking
intensity (SI) and nutritional status (as determined by BMI) of NSCLC patients in predicting response to ICIs
independently and compared them with that of PD-L1 expression.

Materials & methods
We conducted a single-center retrospective analysis of NSCLC patients treated with ICIs from July 2015 to February
2018. The study was granted an exempt status by our institutional review board. Patient’s age, gender, SH, SI in
pack-years, NLR, BMI and tumor PD-L1 status were captured prior to starting an ICI as baseline covariates. PD-L1
expression was described as positive (≥1%) or negative (0%). SI was designated as either heavy (>20 pack-years)
or nonheavy (≤20 pack-years). A previously established cutoff of five categorized NLR as high or low, and a cut-off
of 25 kg/m2 classified BMI as high or low.

Subjects with complete response, partial response or stable disease per modified RECIST 1.1 criteria on a CT
scan performed approximately 3 months after ICI therapy was initiated were considered to have disease control [24].
DCR at 3 months was used as an outcome measure. Subjects who had progression of disease on a 3-month scan
or died prior to the scan were not considered to have disease control. For subjects who did not have a scan at 3
months or were lost to follow-up prior to 3 months, clinical benefit was considered unknown, and these patients
were excluded from the analysis of DCR at 3 months. Associations between patient clinical factors at baseline and
DCR at 3 months were examined using the Chi-square test or Fisher’s exact test, as appropriate. Multivariable
logistic regression was used to examine the joint effects of NLR at baseline, BMI and SH on DCR.

Progression-free survival (PFS) was measured as the time from start of treatment to progression of disease
or death, whichever came first. Subjects who had not progressed and were alive as of their last follow-up were
considered censored, and time to last follow-up was used. Overall survival (OS) was measured as the time from
start of treatment to death. Subjects who were alive as of their last follow-up were considered censored, and time
to last follow-up was used. Separate analyses were carried out for each time-to-event outcome. PFS and OS were
estimated using the Kaplan–Meier product-limit method and compared using the log-rank test. A multivariable
Cox regression model was used to examine the joint effects of NLR at baseline, BMI and smoking on outcomes [25].

For all multivariable models, SH (current/prior or never) and SI in pack-years were combined into a single
variable. This variable has three levels: heavy current/prior smokers (>20 pack-years), nonheavy current/prior
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Table 1. Characteristics of patients at baseline.
Age (n = 137) Histology

(n = 137)
Line of therapy ICI was
initiated (n = 137)

Baseline PD-L1
status (n = 55)

Smoking
status
(n = 137)

Pack-years
(n = 134)

Baseline NLR
(n = 137)

BMI (n = 137)

n 80 (male) 86 (adenocar-
cinoma)

1st (25) Monotherapy
(17)

35 (positive) 124
(current/prior)

34 (≤20) 90 (�5) 67 (�25)

39 (squamous) Triple therapy
(8)

57 (female) 12 (other†) 2nd or later (112) 20 (negative) 13 (never) 100 (�20) 47 (≥5) 70 (≥25)

Mean 68.4 NA NA NA NA 39.1 5.3 25.6

Range 28–92 NA NA NA NA 0-110 0.9–35 15–41.4

† Includes poorly differentiated, neuroendocrine and pleomorphic.
ICI: Immune checkpoint inhibitor; NA: Not applicable; NLR: Neutrophil-to-lymphocyte ratio; PD-L1: Programmed death ligand 1.

Table 2. Incidence of histology among clinical factors.
PD-L1 (+)
[n = 35]

PD-L1 (-)
[n = 20]

Smoking
status
(current/prior)
[n = 124]

Smoking
status
(never)
[n = 13]

Pack years
(≤20)
[n = 34]

Pack years
(>20)
[n = 100]

Baseline NLR
(<5) [n = 90]

Baseline NLR
(≥5) [n = 47]

BMI (<25)
[n = 67]

BMI (≥25)
[n = 70]

Adenocarcinoma 23 18 75 11 26 57 61 25 39 47

Squamous 8 1 39 0 4 35 19 20 24 15

Other† 4 1 10 2 4 8 10 2 4 8

† Includes poorly differentiated, neuroendocrine and pleomorphic.
NLR: Neutrophil-to-lymphocyte ratio; PD-L1: Programmed death ligand 1.

Table 3. NLR at baseline and outcomes.
NLR <5 NLR ≥5 p-value

Disease control rate 0.0006

– Yes 62 (68.9%) 18 (38.3%)

– No 28 (31.1%) 29 (61.7%)

Median overall survival (months) 15.00 (95% CI: 11.75–22.25) 5.25 (95% CI: 2.75, 9.75) 0.0005

Median progression-free survival (months) 8.00 (95% CI: 6.00–11.25) 3.00 (95% CI: 2.00, 4.00) �0.0001

NLR: Neutrophil-to-lymphocyte ratio.

smokers (1-20 pack-years), and never smokers (0 pack-years). It was not feasible to include the SH and intensity
as separate variables because never smokers would essentially have 0 pack-years, and current/prior smokers could
not have 0 pack-years. For all multivariable models, factors that have been shown to be associated with prognosis
in published literature were chosen for inclusion. Although PD-L1 has also been shown to be associated with
outcomes, it was not feasible to include it in any of the multivariable models due to the large number of subjects
who did not have PD-L1 status available.

Results
Table 1 depicts the baseline characteristics of patients included in this study. A total of 137 patients were captured for
analysis which included 80 male and 57 female patients. Within this population, 86 patients had adenocarcinoma
and 39 patients had squamous cell carcinoma. The remaining 12 patients had a different histology which included
poorly differentiated (5), neuroendocrine (5) and pleomorphic (2). Table 2 shows the incidence of histology among
each clinical factor. An ICI was used in the first-line setting for 25 patients and it was given as a subsequent line
of therapy for 112 patients. Within the first-line cohort, 17 patients received ICI monotherapy and 8 patients
received an ICI in combination with chemotherapy. In regard to the clinical factors being investigated, there was a
significant association between BMI (<25, ≥25) and NLR at baseline (p < 0.0381, Chi-square test). About 56.5%
(39/69) of subjects with BMI <25 had an NLR <5 at baseline and 73.2% (52/71) of subjects with BMI ≥25 had
an NLR <5. No other factors were associated with NLR at baseline.

NLR <5 was significantly associated with improvement in all measures of outcome (Table 3). Median survival
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Figure 1. Overall survival (in months) by neutrophil-to-lymphocyte ratio (high vs low) at baseline.
NLR: Neutrophil-to-lymphocyte ratio.
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Figure 2. Progression-free survival (in months) by neutrophil-to-lymphocyte ratio (high vs low) at baseline.
NLR: Neutrophil-to-lymphocyte ratio

for subjects with NLR <5 was 15 months (95% CI: 11.75–22.25) compared with 5.25 months for subjects with
NLR ≥5 (95% CI: 2.75–9.75) (p < 0.0005, Figure 1). Median PFS was 8 months (95% CI: 6.0–11.25) and
3 months (95% CI: 2.0–4.00) for patients with low and high NLR respectively (p < 0.0001, Figure 2). DCR
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Table 4. Smoking intensity and outcomes.
0-20 pack-years >20 pack-years p-value

Disease control rate 0.0320

– Yes 15 (44.1%) 65 (65.0%)

– No 19 (55.9%) 35 (35.0%)

Median overall survival (months) 10.25 (95% CI: 5.25–20.25) 14.00 (95% CI: 10.25, 22.25) 0.2864

Median progression-free survival (months) 4.00 (95% CI: 3.00–7.00) 6.00 (95% CI: 4.50, 9.50) 0.0624

Table 5. Smoking history and outcomes.
Current/prior Never p-value

Disease control rate 0.1254

– Yes 75 (60.5%) 5 (38.5%)

– No 49 (39.5%) 8 (61.5%)

Median overall survival (months) 11.75 (95% CI: 8.75–16.25) 15.75 (95% CI: 2.75, NE) 0.7711

Median progression-free survival (months) 6.00 (95% CI: 4.00–7.00) 4.00 (95% CI: 2.00, 6.00) 0.0267

NE: Not estimable based on the pattern of the data.
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Figure 3. Progression-free survival (in months) by smoking history (current/prior vs never).

was 68.9% (62/90) in patients with an NLR <5 as opposed to 38.3% (18/47) of patients with an NLR ≥5
(p < 0.0006).

In regard to smoking, there was a positive association between pack-years (0-20, >20) and DCR at 3 months
(p < 0.0320). 44.1% (15/34) of subjects with ≤20 pack-years had disease control at 3 months compared with
65.0% (65/100) of heavy smokers (Table 4). There was also a statistically significant difference in PFS in regard to
SH (Table 5). Patients with history of tobacco smoking (current or prior) had a median PFS of 6 months (95%
CI: 4.00–7.00) compared with 4 months (95% CI: 2.00–6.00) for patients who have never smoked (Figure 3)
(p < 0.0267). Neither SH nor SI had an impact on OS in our analysis. In addition, patients with a high BMI were
observed to have improvement in all measures of outcome in our analysis; however, none of these associations were
found to be statistically significant (Table 6).
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Table 6. BMI at baseline and outcomes.
<25 kg/m2 ≥25 kg/m2 p-value

Disease control rate 0.6967

– Yes 38 (56.7%) 42 (60.0%)

– No 29 (43.3%) 28 (40.0%)

Median overall survival (months) 10.25 (95% CI: 6.00–16.25) 14.00 (95% CI: 10.25, NE) 0.1166

Median progression-free survival (months) 5.00 (95% CI: 3.50–6.00) 7.00 (95% CI: 4.00, 10.00) 0.0743

NE: Not estimable based on the pattern of the data.

Table 7. PD-L1 expression at baseline.
Positive Negative p-value

Disease control rate 0.7445

– Yes 23 (65.7%) 14 (70.0%)

– No 12 (34.3%) 6 (30.0%)

Median overall survival (months) NE (7.75-NE) NE (95% CI: 10.25, NE) 0.9364

Median progression-free survival (months) 5.00 (95% CI: 4.00-NE) 8.00 (95% CI: 4.00, 12.00) 0.8585

NE: Not estimable; PD-L1: Programmed death ligand 1.

Table 8. Multivariable analysis (disease control rate)†

Factor Level Odds ratio (95% CI) p-value

NLR at baseline �5 Ref 0.0014

≥5 3.59 (1.64, 7.87)

BMI ≥25 Ref 0.7968

�25 1.11 (0.52, 2.36)

Smoking history Never Ref 0.0725

Current/prior smokers (1–20 pack-years) 0.76 (0.18, 3.31)

Current/prior smokers (�20 pack-years) 0.32 (0.09, 1.11)

†The outcome was ‘No DCR at 3 months.’ An odds ratio (OR) �1 indicates higher odds of no DCR.
NLR: Neutrophil-to-lymphocyte ratio.

Table 9. Multivariable analysis (progression-free survival).
Factor Level Hazard ratio (95% CI) p-value

NLR at baseline �5 Ref 0.0005

≥5 2.18 (1.41, 3.38)

BMI ≥25 Ref 0.1743

�25 1.34 (0.88, 2.04)

Smoking history Never Ref 0.0375†

Current/prior smokers (1–20 pack-years) 0.71 (0.34, 1.47)

Current/prior smokers (�20 pack-years) 0.48 (0.26, 0.88)

†Current/prior smokers (1-20 pack-years) vs never: p � 0.3498.
Current/prior smokers (�20 pack-years) vs never: p � 0.0175.
NLR: Neutrophil-to-lymphocyte ratio.

The total number of patients with PD-L1 expression available was limited (N = 55) which restricted our analysis.
DCR in this small patient cohort was similar in the positive and negative groups (Table 7). There was no difference
noted in either OS or PFS. The median OS was not reached for both positive and negative cohorts in this subgroup.

Tables 8 and 9 summarize results of the multivariable model for DCR and PFS. Low NLR at baseline was
associated with significant improvement in both of these outcomes. Also, the heavy current/prior smokers cohort
was significantly associated with a better PFS when directly compared with the never smokers cohort. In the
multivariable model for OS, the assumption of proportional hazards was not met for NLR ratio. Log of negative log
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Table 10. Multivariable analysis (overall survival).
Factor Level Hazard ratio (95% CI) p-value

NLR at baseline �5 ≤6 months Ref 0.0001

≥5 3.37 (1.81, 6.26)

NLR at baseline �5 �6 months Ref 0.7681

≥5 0.86 (0.32, 2.30)

BMI ≥25 Ref 0.1491

�25 1.43 (0.88, 2.32)

Smoking history Never Ref 0.1694

Current/prior smokers (1–20 pack-years) 1.75 (0.71, 4.33)

Current/prior smokers (�20 pack-years) 1.00 (0.45, 2.22)

NLR: Neutrophil-to-lymphocyte ratio.

of the estimated survivor functions versus the log of time was plotted in order to estimate that the hazard changed
at about 6 months. Therefore, an extended Cox model using a step function for NLR at baseline (≤6 months, >6
months) was used. The results of the multivariable model for OS are summarized in Table 10. NLR at baseline was
significantly associated with survival during the first 6 months after the start of treatment; subjects with NLR ≥5
had a higher hazard of dying. After 6 months, there was no significant difference in the hazard.

Discussion & conclusion
Neutrophils are associated with conditions that cause systemic inflammation such as rheumatological disorders,
infections and tobacco smoking. Cancer is also considered a state of chronic inflammation and indeed neutrophilia
frequently occurs in patients with advanced cancer. In fact, neutrophilia is promoted by cancer through release of
various cytokines. These, in turn, support cancer growth as well as T-cell suppression through various mechanisms,
thus triggering a cyclical process that progressively supports survival and progression of cancer [26]. In contrast,
lymphocytes, particularly cytotoxic CD8+ effector T cells, play a major role in mounting an immune response to
cancer [27].

Checkpoint inhibitors work by blocking inhibitor engagement between cancer cells and immune cells in the
tumor microenvironment. In order for this strategy to work successfully, an adequate number of effector T
lymphocytes needs to be deployed into the tumor microenvironment. High-density infiltration of these cells into
the tumor has been associated with improved responses to ICIs and a favorable prognosis. As a proof of this principle,
increased NLR in the tumor microenvironment has been associated with cancer progression and decreased survival
in different cancer subtypes [28–31].

Peripheral blood NLR, which reflects NLR in the tumor microenvironment, renders itself as an easily measur-
able biomarker that could help predict responses to ICI treatment. In our retrospective analysis, we found that
pretreatment NLR was strongly prognostic of outcome and predictive of response to ICIs. An NLR <5 correlated
with improvement in all measures of outcome (DCR, PFS and OS) and each association was statistically significant
(Table 3). As depicted in Figures 1 & 2, the Kaplan–Meier curves demonstrated both an OS and PFS advantage
for those with a baseline NLR <5. In both figures, there is a clear separation of the curves at 8 months. These
associations were also demonstrated in our multivariable analysis, though in our model, there was no significant
difference between NLR score and OS after 6 months of starting ICI therapy (Tables 8–10). As observed with our
data, a few other recent studies have shown a similar predictive value of NLR as well (Table 11).

In our study, there was an association between SI and DCR. As noted above, 65.0% patients who were heavy
smokers had a DCR compared with 44.1% of mild/never-smokers. Though no significant difference was found
for median OS or median PFS with respect to SI, both were notably higher in the heavy-smokers subset (Table 4).
A history of smoking was also seen to correlate with median PFS. Current or prior smokers had a median PFS of
6 months compared with 4 months for patients who had never smoked (Table 5). Of note, in our multivariable
analysis, the heavy current/prior smokers cohort (>20 pack-years) was significantly associated with a better PFS
when directly compared with the never smokers cohort (Table 9). Interestingly, smoking status has been shown
to predict outcomes with ICI treatment [21]. There are some hypotheses explaining this paradoxical impact of
SH on outcomes of NSCLC patients treated with ICIs. One possible explanation is a higher TMB in these patients
resulting from chronic exposure to mutagens in cigarette smoke [21]. As noted in CheckMate 227, patients with
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Table 11. Neutrophil-to-lymphocyte ratio studies.
Study Year NLR cut-off Findings Patient population Ref.

Prognostic significance of neutrophil-to-lymphocyte ratio in
non-small cell lung cancer: a meta-analysis Gu, Xiao-Bin, et al.

2015 5 Elevated pretreatment
NLR was associated
with poor OS and PFS

NSCLC patients who
received surgery vs
nonsurgical treatments
(Chemo/RT/Targeted
therapy)

[32]

A reliable and feasible way to predict the benefits of nivolumab in
patients with non-small cell lung cancer: a pooled analysis of 14
retrospective studies Cao, Dedong, et al.

2018 5 Elevated pretreatment
NLR was associated
with poor OS and PFS

NSCLC patients treated
with nivolumab

[17]

Peripheral blood biomarkers correlate with outcomes in advanced
non-small cell lung cancer patients treated with anti-PD-1
antibodies Soyano, Aixa E., et al.

2018 5.9 Elevated pretreatment
NLR was associated
with poor OS and PFS

NSCLC patients treated
with ICIs (nivolumab or
pembrolizumab)

[18]

Neutrophil–lymphocyte ratio (NLR) predicted prognosis for
advanced non-small-cell lung cancer (NSCLC) patients who received
immune checkpoint blockade (ICB) Ren, Fangping, et al.

2019 2.5 Elevated pretreatment
NLR was associated
with poor OS and PFS

NSCLC patients treated
with ICIs (nivolumab or
pembrolizumab)

[19]

ICI: Immune checkpoint inhibitor; ICB: Immune checkpoint blockade; NLR: Neutrophil–lymphocyte ratio; NSCLC: Non-small-cell lung cancer; OS: Overall survival; PFS: Progression-
free survival.

a high TMB (defined as ≥10 mutations per megabase) were found to have a greater chance of benefit from ICIs
than patients with a low TMB [11].

No statistically significant associations were discovered in the univariate analyses of BMI; however, patients
with a high BMI were observed to have improvement in all measures of outcome (Table 6). Of note, there was a
significant association between BMI and NLR at baseline. 73.2% of patients with a BMI ≥25 had an NLR <5
compared with 56.5% of patients with a BMI <25 which could possibly influence the results in a favorable way for
the high BMI cohort. Additionally, in animal models, obesity has been found to correlate with T-cell dysfunction,
enhanced PD-1 protein expression on T cells, and more aggressive tumor growth [23]. This immune disturbance
is suspected to be influenced by leptin signaling to an uncertain degree. Leptin, a hormone that inhibits hunger
and is produced in excess in obesity, has been shown to enhance the expression of PD-1 by T cells. Recent studies
have shown better outcomes in obese patients with cancer treated with ICIs [33]. These positive results are possibly
related to the increased expression of checkpoint proteins such as PD-1 which make the tumors more responsive to
PD-1/PD-L1 blockade [23]. Thus, obesity is a potential moderator of immune dysfunction that can be effectively
targeted by ICIs, which demonstrates that host factors are important aspects to consider when choosing ICIs.

Unfortunately, the total number of patients with PD-L1 expression available in our analysis was limited. It is
important to mention that PD-L1 testing had not been mandated in our institution until 2018 once pembrolizumab
was approved in the front-line setting for PD-L1 positive NSCLC. Prior to this, ICIs such as nivolumab and
atezolizumab were approved as second-line treatment for NSCLC regardless of PD-L1 status, and so there was no
clear benefit to reflex PD-L1 testing. It was only completed upon request from the oncologist. Additionally, this
test was only performed at outside laboratories initially.

Though the total number of patients with known PD-L1 expression was limited, it is important to note that the
DCR did not differ between the positive and negative groups (Table 7). As mentioned earlier, pembrolizumab is
FDA approved as first-line monotherapy for patients with PD-L1 positive NSCLC [3]. However, several studies have
shown that PD-L1 is an imperfect predictive biomarker. Response rates are variable even among patients with high
PD-L1 expression (≥50%) and tumors without PD-L1 expression can sometimes respond to ICI therapy [1,5,6].
Moreover, PD-L1 testing is tissue-based and it cannot be tested sequentially for dynamic changes that are known
to occur over time and with exposure to chemotherapy and radiation [8]. Overall, PD-L1 expression should be
considered just one piece of a complex puzzle and other predictive biomarkers are urgently needed to help not
only identify patients who would benefit from ICIs, but also not exclude those who could potentially benefit.
Given the limitations of PD-L1, creating a score or calculator that incorporates multiple factors to help select these
patients could be helpful moving forward. The LIPI score (lung immune prognostic index), which incorporates
elements such as derived NLR (ANC/[WBC-ANC]) and LDH, is an example of a risk calculator that has been
shown to predict response to ICI therapy for patients with NSCLC [34]. In light of our data, a score that includes
clinical factors as well may improve the prognostic value of currently available tissue and liquid-based biomarkers.
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Limitations
While our data is impactful and adds to recently published studies, it is important to mention that the main
limitation of our study is that it is single-centered and retrospective in nature which creates the possibility of
confounders and selection bias. In addition, as mentioned earlier, PD-L1 status was unavailable for a large number
of patients included in the study and so it was not feasible to include PD-L1 status in any of the multivariable analyses.
It is also essential to recognize certain factors which could potentially influence the baseline NLR calculation. For
instance, if a patient had an active/recent infection or was recently started on steroids, a transient left-shift could
possibly be present on the differential which can falsely affect the results. Furthermore, the sample size was small
for a few subgroups which can explain the wider confidence intervals present in our data. However, despite these
limitations, our study demonstrates that the predictive potential of NLR, smoking status and BMI is promising and
a score incorporating these factors may be beneficial in choosing patients for ICIs. Nevertheless, the clinical value
of these elements and others should be substantiated in future large, multi-center, randomized, prospective studies.

Summary points

• A majority of non-small-cell lung cancer (NSCLC) patients do not respond to immune checkpoint inhibitors (ICIs),
highlighting the need for predictive biomarkers to help identify patients who would benefit.

• PD-L1 expression on tumor cells, a validated biomarker, has many limitations.
• The tumor immune environment has been found to play an intricate role in lung cancer progression.
• Peripheral blood neutrophil-to-lymphocyte ratio is a biomarker that can reflect the intratumoral inflammatory

microenvironment.
• In our retrospective analysis, a pretreatment neutrophil-to-lymphocyte ratio <5 correlated with improvement in

all measures of outcome (disease control rate, progression-free survival, and overall survival) and each association
was statistically significant.

• A positive smoking history has been shown to increase the likelihood of response to ICIs in NSCLC which is
possibly due to a higher tumor mutational burden in these patients resulting from chronic exposure to mutagens
in cigarette smoke.

• Obesity, a potential moderator of immune dysfunction, may be associated with a higher probability of response
to ICIs.

• Given the limitations of PD-L1 expression, a score or calculator that incorporates multiple factors is greatly
needed to help select NSCLC patients who would benefit from ICIs.
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